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^1 (57) Abbtrsicts An organic electroluminescent device is provided having cmilling layore wilh materials and thicknesses thai provide 
consiruciive optical interference of emiiicd light. The device includes additional liayers thai provide contrast enhancement through 
destructive opUcal inierference of ambient light entering ihe device. 
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Organic Light Emrttipg Diode (OlMO) with Contrast Enhancement Features 
Field of the Invention 

5 The present invention relates to electrolmninescent devices, and more particularly 
relates to contrast enbancemeat filters that are applied to electroluminescent devices. 

Background of the Invention 

10 Known contrast enhancement filters include optical interference filters as described in 
US5049780 to Dobrowoiski and US641 1019 to Hofetra, the contents of which are / 
incorporated herein by reference. In certain teachings of Dobrowoiski and Ho&tra 
contrast entaancemmt is provided by an optical interference meniber that is placed in 
front of a reflective rear electrode or reflective rear cathode. As more particularly 
1 S described therein, reflections of ambient li^t ofT of the rear electrode or rear cathode 
are used in conjunction with ihe optical interference memb^ to create at least two, 
outof-phase, wave forms of ambient light, which interfere with each other to cause at 
least some cancellation of each other and thereby reduce unwanted reflections of 
ambient light fi'om the display, 

20 

Other known contrast enhancement filters include Ugjxt absorbing materials that coat 
the reflective electrode or cathode. See, for example, WO 00725028 to Berg^«et al, 
which contemplates the use of a graphite to coat a reflective rear cathode. These 
purely absorbing materials then reduce reflections of ambient li^t that enter the firont 
25 of the display, by effectively converting that ambient hght into heat. 

However, these prior art stmctures may not be suitable where it is desired to actually 
utilize the reflectivity of the rear cathode in order to boost the amount of light emitted 
from the device. Put in other wwds, while the above-mentioned prior att devices 
30 reduce ambient light that reaches the rear cathode of the display, the prior art devices 
also tend to reduce the ligjht fiiat is backwardly emitted towards the rear of the display. 
Indeed, in certain prior art OLED displays it is known to select an ^propriate 
emittiog region portion of the light emitting layer, to cooperate with the reflective 
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electrode, in order to achieve a total phase shift of rearwardly emitted li^t of about 
360"=*, such that the two light waves constructively intrafere, thereby enhancing the 
brightness of the device. 

5 Presuming an ideal reflector and that the two light waves are thus equal in magnitude 
when they interfere, the intensity Tvill be: 

Ir^KEfH-Er)^ 
Ef=Er=E 

10 lTf=4E^, where Ef=electrical field of the forward emitted li^t and Er== electrical field 
of the rear emitted lights and Irf is the intensity seen by the viewer using a reflective 
rear electrode. 



15 



If £r is absorbed, as is the case with a dark electrode^ the equations become simply: 



IdkKEf^Erf 
Ef^E,Er^ 

Idl^E^, where Idk is tiie intensity seen by the viewer using a dark rear electrode. Thus 
Idk/hiNl/4=0.25 and the device using the dark rear electrode is only 25% as efBcient 
20 as the device using the reflective rear electrode. 

While it is known to reduce ambient lig^t reflections in the above-described display 
using a circular polarizer applied to the front of the display, the circular polarizer has 
the additional effect of absorbing some of flie emitted light, in some devices typically 
25 about 56 to about 62%, and in such devices the reflective rear electrode device is 
about 38% to abotit 44% efBcient. 



PCT/CA03/00554 entitled Electrolmninescent Device discloses a partially absorbing 
30 (semi-reflecting) layer, one or more light-emitting layers, and a fully reflecting layer 
that, m combination, give rise to a 1 SO phase shift of ambient light, along with 
constructive interference of Ught generated in the li^t-emitting layers. However, as 
with the other prior art systems discussed above, back reflection of tiie light generated 
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within the light emitting layers gives rise to destructive interference, which paitially • 
negates the advantages of the constructive interference. 

Summary of tiie Invention: 

5 

It is therefore an object of the present invention to provide a display widi contrast 
enhancement feature that mitigates or obviates at least one of the above-identified 
disadvantages of the prior art. 

10 In an aspect of the present invention, there is provided an electroluminescent display 
that embeds the light emitting layers within the optical interference structure itself |^ 

In particular, light-emissive organic layers are disposes between a semi-reflecting 
stmcture and a reflective structure^ wherein the thickness and material of the semi- 

15 reflecting structure is chosen to cause at least some destractive optical interference of 
ambient hght, while the thickness of the layers between the semi-reflecting structure 
and fully reflective structures is chosen to provide net 0 phase shift of ambient light 
passing through those layers and reflected back, relative to the Ug^t reflected by the 
semi-reflecting structure. Moreover, the distance of tibe Ught-emitting region ftom the 

20 fully reflective surface is chosen to provide constnictive interfer^ce of generated 
emitted light (i.e. emitted light rays travelling in flae direction of the viewer are in 
phase with emitted Ught rays initially travelling away from the viewer and then fiilly 
reflected back toward the viewer). 

25 Brief DescriptioD of the Drawings 

Certain preferred embodiments of the present invention will now be explained, by 
way of example, with reference to the attached Figures in which: 

30 Figure 1 shows a side sectional view of ligiht emitting and contrast enhancing layers of 
an organic electroluminescent device in accordance with a general aspect of the 
invention; 
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Figure 2 shows a side sectional view of a bottom endssion organic electroluminescent 
device in accordance widi one embodiment of flie invention; and 



Figure 3 shows a side sectional view of a top emission organic electrolmninescent 
5 device in accordance with a fiirOier mibodimmt of the invention. 

Detailed Description of the Invention 

Referring now to Figure 1, a semi-reflecting thin film BL 1 is disposed adjacent one 
10 side of a microcavity comprising inorganic layeis such as ITO, AlSiO, etc. (identified 
in Figure 1 as Inorganic 1, Inorganic 2) between which are disposed light emittuig 
layers (identified as Organic 1 , Organic 2), while a reflective structure BL 2 is 
disposed adjacent the opposite side of the microcavity. As discussed below in 
connection with Figures 2 and 3, the layer BL 2 may either be fully reflecting, or may 
15 instead partially transmit and phase shift light that is reflected off of a further fuUy 
reflective layer (e.g. Al layer). The light emitting layers generate light through 
electroluminescence and are fabricated finom material that is nominally transparent to 
ambient light entering the device, and which causes a phase shift of Aat ambient li§^t, 
as will be discussed in' greater detail below« 

20 

Semi-reflecting stmcture BL 1 may comprise a single-layer film or a multi- 
layer film, as discussed in greater detail below, and s^es two purposes: 

1 . It splits the incoming Ught into a refiected ray and a transmitted ray; 
and 

25 2. It phase shifts the reflected light by about 1 80° relative to the light 

reflected fi'om the rear electrode. Note that qjproximately 10-15% of 
the light is reflected back towards the viewer. 



However, in order to achieve the destructive interference which leads to the device 
30 having low reflectance and thus appearing blaclc, the total relative phase shift 

provided by the organic layers located between the semi-reflecting and reflecting thin 
films should be about 0°. This net 0^ total phase shift occurs as the Ught travels two 
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times througji the organic layers: once as it is entering Ihe structure and once i^on 
reflection (i.e. 2 x 180** = 360° = 0^). 

According to the invention, destructive interference of zmhicnt light can be achieved 
• 5 while maintaining constractive interference conditions by choosing the total 

thiclcnesses of the organic layers and also any ITO or oth» inorganic layers, and BL 2 
layers (where Ihe BL 2 is only partially reflecting) to provide an ^proxhnate net 0"* 
phase shift ibr ligiht travelling through them, reflecting off of the rear cathode and 
travelling back out of the device, relative to the light reflected from the semi- 
10 reflecting structure in front» while independently controlling the distance between the 



emitting region at the inter&ce of Organic 1. Organic 2 and the reflective rear j 



electrode. 



It should be noted that, in a single film BL 1 structure, light reflected from the first 
15 layer is reflected from both the front surface and the rear surface thereof It is the 

resulting sum of these 180° phase shifted light rays that cancel, and thns the thickness 
of this layer is chosen to provide the 1 80° phase shift. In a multi-layer BL 1 structure, 
light is reflected from the first layer, phase shifted in the following layer(s), and then 
reflected off of the following layer(s). 

20 

In order to achieve a low reflectance value from the device of Figure 1, the m^erial of 
BL 1 will generally have some degree of absoiption associated wifh it, i*e. an optical 
absorption constant k, whereas the optical density is defined by the ind^ of 
refraction, n. The combinatioti of n, k and diickness is chosen to achieve both the 
25 phase shift and the desired degree of reflection. 

The combination of the absorption constant k, and the thickness of the BL 1 structure 
leads to Ugjht also being absorbed by tiie BL 1 structure. This leads to some of the 
emitted Ught being absorbed as it exits the device. 



30 



The semi-reflective structure BLl can be located at various places within the device, 
provided that it is located betweeu the viewer and the light emitting layers Organic 1 
and Organic 2, and the total internal phase shift is about 0° relative to the light 



I 

I 
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reflected from this first semi-reflective structure. For example, there is typically a 
layer of a transparent conductive material (InoFganic 1) wifiiin the device (e»g. Indium 
Tin Oxide) which senses to conduct current to the device as weU as provide a means 
for the emitted li^ to esc^e the device and reach the viewer. 

5 

Also, seroj-reflective structure BL 1 can be located between the viewer and the ITO, 
or the no can be located between the semi-reflective structure BL 1 and the viewer. 
Particularly in flie latter case, the thickness of the ITO is not limited (though it may be 
selected in relation to desired electrical operation, such as to accord with flie operating 
1 0 voltage of the device). In the first case the thidoiess of the ITO is taken into account 
to achieve flie relative phase shift of about 0^. 

It should also be noted that if the first semi-reflective layer of BL 1 were in contact 
with the organic layers of the device, these layers would also be selected to have an 
15 appropriate work function. On the other band, a work-function matching layer can 
also be inserted as part of Inorganic 1, between the serni-reflecting layer and the 
organic layers. 

The organic layers typically consist of a hole injection layer (e.g. TPD) and an 
20 electron injection layer (e,g. A1Q3), y^hece light is generated at the interface 
therebetween. The location of these layers depends on whether the device is a 
"bottom emission device" (Figure 2) in which tiie anode is located closest to the 
viewer, or a ''top enussion device" (Figure 3) in which the cathode is located closest 
to the viewer- In either case, in SMOLED devices, the light emitting region is located 
25 within 50-200 A of the interface of these two layers. For constructive interference of 
the emitted light to occur, the location of this interface relative to the reflective rear 
electrode is carefully chosen. For destructive interference to occur the total thickness 
of these layers is also carefully chosen. The various distances can be controlled as 
well by inserting layers of conductive organic material, typically CuPc, next to either 
30 the rear or fi'ont electrodes. 



Finally, the reflective structure BL 2 consists of eithcx a single layer of metal, for 
example Alumintmi, or a thin film device of several layers, such as is known in the 



May-09-05 02:04pin From-SIMBAS T-350 P. 019/028 F-479 

wo 20O4/O44998 ^|tcT/CA2003/001742 

7 

prior art and wbi<^ can be tuned to a particular level of reflectance. In the sinq^est 
device most light is leflected bade to int^ere with the light reflected ftom IJie first 
semi-reflecting structure. In another embodiment the reflectivity of the Ihin film 
device of sev^al layers can be tuned to ensure that the amplitude of the reflected 
I 5 from this region is similar to the amplitude ofthe light reflected ftom the first semi- 

reflective structure, noting that some of the fight will be absorbed as it passes through 
the semi-reflective structures. 

Also, the light reflected from these rear layers can be phase shifted to enhance the 
1 0 light cancellation, and add a certain degree of freedom to the phase shifting 

requirements of the other layers, i.e. the organic stack and first semi-reflective j 

*V 
structure. 



In anothffl- embodiment specifically relatmg to &e top emitting structure, the first 
1 5 semi-reflective structure can act as the declrode, eliminating the need for a 

transparent conducting material, such as TTO. B can also act as a buffer layer to 
protect underlying or^nic materials fix>m damaging processes, such as described in 
commonly-owned Canadian Patent Application No, 2,412,379, entitled 
TRANSPARENT-CATHODE FOR TOP-EMISSION ORGANIC UGHT- 
20 EMITTING DIODES, the contents of which are incorporated herein by reference. 

If tlie semi-reflecting structure is located in the device in such a manner as to be 
conducting electricity, it is likely that structure will have to be patterned into the 
shape of the electrode it is in contact with. However, in another embodiment this 

25 structure may be electrically isolated firom the structure through the use of an 

insulating layer. In a top emission structure this requires depositing an insulator on 
top of the front electrode and then depositing the semi-reflective structure. The 
thickness of the insulating layer is then taken into account in the phase shift of the 
transmitted Ught. In a bottom emission device the semi-reflective structure is 

30 deposited onto the substrate along with an insulating layer to isolate it ftom the front 
franspaient electrode. Again, the thickness of the insulating layer is taken into account 
m the phase shift of the transmitted light. The advantage is that the semi-reflective 
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Structure is no longer required to be patterned and the optical interfCTcnce effect 
occurs betv/een pixels as well as cm the pixels themselves. 

Jn another embodiment, if the first semi-reflective stniotme is itsdf an insulator the 
S insulating layos can be removed. 

In a furliier embodiment, the organic materials may be comprised of light emitting 
polymers or inorganic light onitting materials. 

10 Exemplary embodiments are shown in Figures 2 and 3 as follows: 
Bottom Emission Device (Figure 2): 

The bottom emission device of Figure 2 is fabricated on a substrate of glass or plastic. 
A semi-reflective (serai-absorbing) structure BL 1 is first deposited on the substrate, 
1 5 followed by a conductive layer of Indium Tin Oxide (TTO). Buffer layer CuPc is then 
deposited, followed by hole-carrier layer TPD and electron-caiiier layer A1Q3. For 
consistency with Figure 1, a second, fully reflective stmcture BL 2 is illustrated. 
However, in practice, the BL 2 structure may be eliminated since fuU reflection is 
provided by the final layer of aluminium. 

20 

As discussed above, the semi-reflective structure BL'l partially reflects incident 
ambient light while partially transmitting ambient li#iL Ambient Ught is reflected off 
the outer surface to create reflected Kght ray Rl . The transmitted Ught is phase shifted 
by 90° before partially reflecting off the interfece between BL 1 and Hie TTO layer, 

25 whereupon the reflected light is subjected to a further 90° phase shifl so that R2 is 
180° out of phase with Rl, causing destructive interference (i.e. cancellation of the 
reflected Ught). Ambient light transmitted through the ITO, CuPC, TPD and A1Q3 
layers is subjected to a further 1 80» phase shift before reflecting o£f of the BL 2 (or 
Al) surfece, whereupon the reflected Ught. is subjected to a further 1 80" phase shift, 

30 resulting in a net 360° phase shift between ambient Ught passing inward througli the 
BL 1/ITO interface relative to ambient light passing outward through the BL l/TTO 
interfece. ConsequenUy, R3 is similar in its phase characteristics to R2 (i.e. R3 is 
subjected to destructive interfei«nce with the incident ambient light). On the other 
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hand, light generated within the organic layers (i.e. at the interface of hole layer TPD 
and electron layer A1Q3) is in phase (i.e. R4 ad R5 are in phase), so as to benefit fi-om 
constructive interference. 



5 Exemplary diicknesses and tfaickn^s ranges for ttie various structural layets are set 
forth below, wherein it will be noted that sevraal of flie layers are completely optional 
(i.e. mickness of 0). Nonetheless, the overah thickness and tnatftriaTs are chosen to 
ensure indices of refraction that give rise to a net 360^ 0" phase shift for ambient 
light passing through the layers between BL 1 and the reflecting surface (i.e. BL 2 or 
10 Al). Equally importantly, the location of the light emissive region at the interface of 
the TPD and A1Q3 organic layers is chosrai to ensure in-phase characteristics fiw Ijglit 
generated within that region and reflecting wifli the microcavity structure between Ihe 
semi-reflective BL I structure and the fully reflective BL 2 or Al layer. 

15 BL 1 : Can be a wide range of materials and may comprise one or more layCTS. 

Typically the BL 1 sttucture consists of AlSiO^ (ratio 3:2, 5.5 mn). Si02 (60 nm), and 
aluminiun (10 nm) 

ITO: Typical fhidaiess is about 1200 A, but within a range of about 0 to about 2500 
20 A. 

CuPc: Typical thickness is about 250 A, but within a range of about 0 to about 500 A. 
The combined thickness of the ITO and CuPC layers should be about 1450 A to 
provide a 1 80° phase shift on a single pass (assuming standard n, k values and that the 
25 organic materials (TPD and A1Q3) also provide a 180° phase shift). 

TPD or Organic 1 : preferably about 450 A, but within a range of 200 -500 A- 

A1Q3 or Organic 2: preferably about 600 A, but with a range of 200-800 A- 

30 

It should be noted that the sum of the thicknesses of ITO, CuPC. TPD and A1Q3 
layers is preferably about 2500 A to allow for a 360° phase shift on two passes 
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(assuming standaid n. k values) of emitted light. The buffer layer, e.g. CuPc, may be 
used to reduce fbs tfaiclmesses of the two oigauic layers. 

BL 2: A wide range of materials may be used, including Aluminum Silicon 
5 Monoiride. The ratio of aluminum to siUcon monoxide must be altered to provide the 
desired reflectance values. In an optimal device the BL 2 structure may be omitted 
(i.e. thickness of 0 A ) to get maximum reflectioii fiom the rear ca&ode (Al), as 
discussed above. 

10 Al: approximately 1500 A. 

Top Emission Device (Figure 3): 

In the top emission stnicture of Figure 3, a substrate of glass or plastic is provided 
1 5 onto which a layer of aluminium is deposited to a thickness of about 1200 A. Next, 
successive layers of ITO, CuPc, TPD and A1Q3 are deposited to the same thicknesses 
and approximate specifications as set fortti above in connection with Figure 2. 
Finally, the BL 1 structure is deposited in from one or more layers, as discussed above 
in connection witb Figure 1. A typical stnicture consists of AlSiO(ratio 3:2, 5.5 nm), 
20 Si02 (60 nm), and aluminum (10 nitt) 

ITO can be xised as BL 1 when the optical constants are tailored to meet the desired 
requirements of a semi-reflecting stnicture. Aluminum or silver doped ITO is known 
to increase absorption (conductivity increases as a by-product). In this case, the ITO is 
25 about 450 A thick. 

Presently preferred performance of both of ihe embodiments of Figures 2 and 3 is 
about 0% reflectance at about 555 nm of visible Kght, and about 45 to about 50% 

efficiency as compared to the ideal case of a tuned reflective oatbodc device without a 

30' circular polarizer. 



The above-described embodiments of the invention are intended to be examples of th 
present invention and alterations and modifications may be effected thereto, by those 
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of skill in &e ait For example, through careful material selection, the 360 degree 
phase shift effect (and the 180 degree destructive efiect) can be made broadband, 
extending over ihG visible range. Specified malCTals must be selected that have a 
refractive index that increases with wavelength. AlSiO mixtm«s give a suitable 
5 material set. By inserting specific thicknesses of fiiese materials into die microcavity 
(e.g. by replacing the ITO or part of the organic materials) the optical thickness of the 
cavities remains approximately constant for visible wavelengths, (i.e.400nm to 
700ran). All such modifications and alterations are believed to be widun the scope of 
the invention as defined by the claims appended hereto. 



10 
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We claim: 

1 * An electroluminescent device;, comprising a semi-reflecting structure, a 
reflecting structure, and a plurality of intermediate layers for light generation, 
wherein said semi-reflecting structure thickness is chosen to cause destructive 
5 optical interfermce of ambient light reflected thmby, and said intermediate layers 
have thicknesses chosen to cr»te a microcavity for causing constructive optical 
interference of lig^t generated therein and proximately 360*" phase change of 
traosnutted ambient li^t passing dierethrough from said semi-reflecting structure 
and reflecting ofT said reflecting structure, such that said transmitted ambient light 
10 is subjected to further destmctive optical interference within said semi-reflecting 

structure. i 

'l 

2. The electroluminescent device of claim 1, wherein said intermediate 
layers include a hole-carrier, layer and electron-carrier layer with a light generating 

1 5 region at the interface therebebveen. 

3. The electroluminescent device of claim 2, wherein said hole-carrier 
layer comprises TPD and said electron-carrier layer comprises A1Q3. 

20 4. Tlie electroluminescent device of claim 3, wherein said intermediate 

layers include a buffer layer of CuPC adjacent said TPD layer. 

5. The electroluminescent device of claim 4, wherein said intermediate 
layers include a conductive layer of UO adjacent said CuPC layer. 



25 



6. The electroluminescent device of claim 5, wherein said thicknesses of 
the intermediate layers are as follows: A1Q3 = 200 to 800 A, TPD = 200 to 500 

A, CuPC = 0 to 500 A. rro = o to 2500 A. 



30 



7. The electroluminescent device of claim 1, wh«"ein said semi-reflecting 
structure comprises at least one layer of Al, Si02 and Cr. 
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8. The electroluminescent device of claim 1 , wherein said reflecting 
structure comprises a layer of Al. 

9. The electroluminescent device of any of claims 1 to 8, wherein said 
reflecting structure is deposited on a substrate so as to form a top emission device. 

10. The electroluminescent device of any of claims 1 to 8, wherein said 
semi-reflecting structure is deposited on a transparent substrate so as to fomi a 
bottom emission device. 



10 



11. The electroluminescent device of claim 10, wherein said substrate i^^ 
one of either clear plastic or glass* 

12. The electroluminescent device of claim 1, wherein said intermediate 
1 5 layers include one of either ligjit emitting polymers or inorganic light emitting 

materials. 

13. The electroluminescent device of claim 7, wherein said semi-reflecting 
stracture comprises AlSiO(ratio 3:2, 5.5 nm), Si02 (60 nm). and aluminum (10 

20 nro). 

14. The electroluminescent device of claim 6, wherein said Sicknesses of 
the intemiediate layers are as follows: A1Q3 = 600 A, TPD = 450 A, CuPC - 250 
A,ITO-1200A. 



1 
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AMENDED CLAIMS 

received by the Imtemational Bureau on 02 Noveniber 2004 (02. 1 1 ,04) : claims 1 to 14 are unchanged and new 

claims 15 and 16 have been added. 

^ 8, The elecixoluminesceait device of claim 1, wherein said reflecting 

^ structure cozi^rises a layer of Al . 

9. The electioliuninesceiit device of any of claims 1 to 8, wherein said 
5 reflecting stnictore is dq^osited on a substrate so as to foim a top emission device. 

10. The electrolraninescent device of any of claims 1 to 8, wherein said 
semi-reflecting structure is deposited on a transparent substrate so as to form a botto^ 
emission device. 

10 

1 1 . The electroluminescent device of claim 1 0, wherein said substrate is 
one of either clear plastic or glass. 

12. The electroluminescent device of claim 1 , ^erdn said intermediate 
15 layers include one of either Hght emitting polymers or inorganic light emitting 

materials. 

13. TJie electroluroinesceDt device of claim 7, wherein said semi-reflecting 
structure comprises AlSiO(ratio 3:2, 5.5 mn), Si02 (60 nm), and al«mi»um (10 mn). 

20 

14. The edectroltaninesoent device of claim 6, wherein said tHcknesses of 
the intennediate layers are as fbUows: A1Q3 = 600 A. TPD - 450 A, CuPC = 250 A. 

rro=i200A. 

25 15. The electrolimiiiiescent device ofclaiml.wherdn said mtenoaediate • 

layers are selected such that the 360«» phase change extends ov^ the visible ligjit 
range. 

16. The electroluminescent device of daim 1, wherein the layers are 
30 selected to have a refractive index that mcreases wiih wavelength. 
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STATEMENT UNDER ARTICLE 19 (1) 



New claims 15 and 16 have been added to further define the present invention. 
It is believed that these claims are fully supported by the disclosure as originally filed 
at. for example, page 1 1 . 
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Figure 1 



R2 R1 R1 (phi) + R2 (phi + pi) + R3 (phi + n2pi + pi) = 0 
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Figure 2 



R4 R5 R3 

/ 




GLASS 



BL 1 



ITO 



CuPC 



TPD 



AIQ3 



BL2 



Al 



SUBSTITUTE SHEET (RULE 26) 



May-09-05 02:07pin Froin-SIMBAS 



' WO 20(I4/04499S 



T-350 P. 028/028 F-479 

10/534404 

PCT/CA2U03/001 742 



3/3 

Figure 3 
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